ABSTRACT: Since the mid-1970's, the landscape around the confluence of the Morava and Dyje rivers has undergone substantial changes related to the drop of water table caused by water management measures undertaken on both rivers. Periodical spring floods are among the phenomena lost due to ameliorations. In this study, the reaction of forest ecosystems to the decrease in soil moisture is assessed on the basis of changes in species composition of the herb layer as well as of the known requirements of individual recorded taxa and the entire herb synusiae for the water content of soils. The results confirm that the species with the greatest demand for water disappear over time. The tendency of decreasing Ellenberg indicator values of the herb layers within the phytocoenological relevés is obvious also with the consideration of the influence of different numbers of species recorded on the same plots in different years of the survey. The changes are most visible in the dampest habitats, while elevated sites, so-called "hrudy", tend to be most stable. The intensity of vegetation changes increases in direct proportion to the altitude of the sites. The process of changes in some habitats caused by the alteration of the water regime has to be separated from the changes in the vegetation structure, which are easier to observe optically. The limiting factor of their development in the given conditions is the forest wildlife. After the elimination of wildlife's influence, the woody species synusia differentiates in height. A qualitative shift is represented by the recession of the formerly dominant Quercus robur on the main level, and its gradual replacement by other species. The impact of changes going on in the woody synusia on selected characteristics of the herb layer are included in the analyses.
JOURNAL OF FOREST SCIENCE, 54, 2008 (8): 340-354 Forest communities bound to broad shallow river valleys are ecosystems under a long-term intensive anthropic influence. The way they look today is the result of centuries of cultivation and selection of a combination of tree species, forest type, and form of its regeneration in order to achieve the best functional and economic yield. These criteria were continuously adjusted according to changing human needs.
The history of Ranšpurk and Cahnov-Soutok National Nature Reserves (hereinafter Ranšpurk and Cahnov-Soutok) has been described in many texts (e.g. Vrška 1997 Vrška , 1998 Vrška et al. 2006) . Historic surveys have shown that in these cases the forests were altered by people in the past. Intensive grazing of domestic cattle in the forests was practised until approximately the second half of the 19 th century. Once it ceased, the forests suffered from a strong pressure from deer and other game kept in enclosures. This game reserve was established between the 1960's and 1970's. Although the forest stands on both sites underwent logging in the past, it can be assumed that the gene pool of woody species was not substantially disrupted there. In 1949, the Ranšpurk and Cahnov-Soutok sites were declared State Nature Reserves, which meant the forests were left to develop without intervention. At the end of the millennium, the protected areas were fenced off to prevent further damage by game.
Many authors focused on the study of forest ecosystems of the South-Moravian floodplains (Mezera 1956 (Mezera , 1958 Vyskot 1959; Horák 1969; Staněk, Barták 1989; Maděra 2001; Viewegh 2002, and others) . The published texts often issue from repeated surveys carried out in one or both these reserves. The authors usually concentrate on a particular segment of the plant society. Dendrometric surveys are accompanied by phytocoenological relevés used to illustrate the complex conditions of the sites. Assessment of phytocoenoses, on the other hand, is based on the monitoring of the herb layer with information about the species composition of the shrub and tree layers. Certain separation of the individual parts of the phytocoenose is necessary for specialized studies, and from this point of view, this text is no exception. However, by analyzing the development of woody and herbaceous synusia including the definition of their mutual interactions, more complex information can be found about what is going on within the present forest communities. The aim of the work is to describe changes in the composition and structure of the studied communities with reference to their likely causes, and also to suggest the relations between the recorded phytocoenological features.
MATERIALS AND METHODS

Study area
Ranšpurk and Cahnov-Soutok forest reserves are situated in the south-eastern corner of the Czech Republic close to the border with Slovakia and Austria, on the confluence of the Morava and Dyje rivers. In geographic terms, the area belongs to the Lower Moravian Lowland geomorphological unit (Dolnomoravský úval) and sub-unit of the DyjeMorava floodplain (Dyjsko-moravská niva) (Demek et al. 1987) . The altitude of the studied sites ranges between 151.4 and 152.2 m (Cahnov-Soutok) and 152.7-154.5 m (Ranšpurk). The soils are mostly classified (Anonymous 1998; Driessen et al. 2001; Michéli et al. 2006) as Gley-Eutric Fluvisols or Eutric Fluvisols, less frequently as Eutric Gleysols (lower parts) or Arenosols (elevated parts). From the aspect of the phytocoenological zoning of the Czech Republic (Skalický in Hejný, Slavík 1997), the area belongs to the Pannonian thermophytic district. Table 1 . Scores of relevés from the DCA of woody synusia were studied in relation to the cover of selected species, diversity index, cover of woody synusia level, average EIV of woody synusia, diversity index of the herb layer and its mean EIV values -nutrients. The studied relationship is expressed by the value of the correlation coefficient and the level of statistical significance (* 0.049 > P > 0.01, ** 0.009 > P > 0.001, *** P < 0.001). Axes 1 and 4 explain the variability of woody plants according to the presence of individual species, while axis 3 classifies the relevés according to their habitats. Changes in the species composition and vertical structure of woody synusia, including their projection onto the herb layer, are explained by axis 2 Cornus sanguinea .
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Data acquisition
The primary phytocoenological surveys were carried out by Průša in 1973 (Cahnov-Soutok) and 1974 (Ranšpurk) (Průša 1985) . Permanent research plots (PRP) were subjectively located in order to cover the site variability of the forest reserves. A total of 15 PRP were located in Ranšpurk and 9 in Cahnov-Soutok. Their position was fixed by drawing in the tree situation map, which enables their identification with approximately 2 m accuracy. The plots are circular, 25 m in diameter. In 1994 In , 2000 In , and 2005 , phytocoenological relevés were repeatedly carried out for these plots.
In the 1970's, vegetation records were made using the Braun-Blanquet 7-point scale (Braun-Blanquet 1964) of abundance and dominance, later followed by the 11-point Zlatník scale (adjusted Braun-Blanquet scale) (Zlatník 1953) . The vertical structure of phytocoenoses was classified as follows (Randuška et al. 1986; Hennekens, Schaminée 2001) : (1) Tree layer -high (dominant and co-dominant trees); (2) Tree layer -middle (sub-dominant trees, higher than a half-height of the trees in the main level); (3) Tree layer -low (tree height ranging from 1.30 m to a half-height of co-dominant trees); (4) Shrub layer -high (woody species from 0.20 to 1.30 m in height); (5) Shrub layer -low (woody species up to a height of 0.20 m, individual conifers with at least one lateral shoot, individual broadleaves without cotyledons); (6) Seedling layer; (7) Herb layer. This numerical marking of vegetation layers is used below in this paper. Mosses and lichens were not included.
Data analysis
The changes in phytocoenoses are described at two levels. The first level represents changes in the vertical structure and presence of species from the woody synusia including their projection onto the herb layer. The evolution of the forest structure was described by quantification of the cover of the individual woody levels. The cover of the herb layer and total cover of the woody species were estimated on the site when making the records. The cover ratios of other woody levels were determined by adding up the cover ratios of the species present in relation to the total woody synusia cover. That means
The d 1-n variables represent the percentage cover of species recorded at the given level, and "C" stands for the overall cover of the trees. Programme Juice 6.4 (Tichý 2002), which enables the merging of species within levels with calculated algorithm assessing the degree of mutual overlap, was not used in this case. The reason is the necessity of converting the cover data into the seven-point Braun-Blanquet scale. While working at the site, the cover ratios of the individual species in the woody levels were estimated with approximately 1% accuracy. Especially on the coarser abundance and dominance scale, the disproportion of species and level coverage is often lost; in the original records, it yields as a result though with a certain inaccuracy due to the estimate. Although the summation of the woody species cover expressed in percentage is rather non-standard, it enables a more detailed recording of the variance of the given level's cover in the given year of survey. To record the onset or decline of the individual woody species within the defined levels, the CCA (canonical correspondence analysis) direct ordinance method was used with the time factor ordinate as a continuous environmental variable. The time determinant was the year in which the given relevé was recorded, and the plot mark served as a covariant variable. This setting of the ordination analysis removed variability between the plots while preserving only variability within the individual plots in time.
The projection of variability in the woody synusia onto the herb synusia was done through relevé scores on 4 ordination axes of DCA (detrended correspondence analysis). For this analysis, woody synusiae of all relevés were used as species data. The woody synusiae were analyzed in the complex level structure of the synusia. The co-ordinate values of relevés on the respective axes were studied relative to the abundance of selected woody species, cover of the individual woody synusia levels, average EIV, and Shannon-Wiener index separately for woody and herb synusiae. For this purpose, the unweighted mean of Ellenberg indicator values (EIV) calculated by Juice 6.5 was used. The comparison of relevé scores with the characteristics of the woody synusiae suggested which part of the relevé variability is explained by which ordination axis. The values of correlation coefficients of relevé scores on the ordination axes versus herb synusiae characteristics indicate the impact of the given fact on this part of phytocoenosis. The degree of statistical significance was determined by means of F-statistics.
The second level represents changes in the herb synusia. The shift of the herb synusia composition over time was studied by CCA in the same way as described above. To determine the potential vegetation change relative to soil water content, the coordinates of individual species on the canonical axis were set out against the respective EIV for moisture. By fitting the trend curve, the vegetation shift in time was recorded relative to soil moisture. The mutual dependence of the Ellenberg indicator value of the species and the scores of the given species on the first canonical axis is expressed by the correlation coefficient. The statistical significance was assessed using the F-statistics.
A certain complication in the relationship studied in this way is a difference in the quantity of recorded species on the same plots in different years of the survey (Fig. 6) , which is sometimes rather large. Generally, it can be stated that most species are characterized by a sensitivity value to the given abiotic factor that is close to the middle of the set scale. With an increasing number of the species, the probability of higher occurrence of EIV values signalling minimal or no relation to the given factor is also therefore increasing. That means the study of the phytocoenosis development trends can be influenced by the changing number of species. The unweighted arithmetical mean of EIV of the species in the phytocoenological relevé may also, under the given circumstances, suppress the information borne by several more sensitive species. For this reason, the following method was used for the calculation of relevé EIV. It counts with the frequency of occurrence of the indicator value as the valuing factor for the calculation of the weighted arithmetical mean of the indicator values of species recorded in the phytocoenological relevé (Schaffers, Sýkora 2000) . The EIV of relevé herb layers obtained in this way were used for the comparison of values reached in the survey years (Fig. 5) . The dependence of the altitude of PRP centres and moisture expressed through the herb synusia EIV (Figs. 7 and 8) is also based on the given conversion. a j
The Ellenberg indicator value of the given relevé EIV F depends on the value of abundance of each species a j , its indicator value I j and frequency of the respective indicator value of the species in the set of all species recorded within the survey F j .
Although the observed floodplain forest communities grow in the flat broad plain at the confluence of rivers, they differ especially in the composition of the herb layers, according to the degree of their being influenced by the water table height and length of time when water stagnates once the floods drop. The fullarea surveys including the updating of maps where the position of standing and fallen trees is indicated (Průša 1985; Vrška et al. 2006) , which was carried out using Field Map Technology (www.fieldmap.cz), enabled to create digital terrain models of the studied areas. The accurate data of the measured points (standing tree, ends of fallen trunk, etc.) using stakes of stable height create a network of points (Ranšpurk 7,294 points, Cahnov-Soutok 4,832 points), which copy the terrain in a 3D image. The altitude of PRP centres was read off from terrain models produced in this way. Mean EIV for relevé herb layers were projected against them, separately for each year of the survey. The trend of herb synusia evolution relative to increasing altitude and time was studied for both areas separately due to a substantial difference in the altitudes of the studied reserves. The statistical significance of differences between the sets of EIV values for moisture in survey years was analyzed by one-factor analysis of variance ANOVA. 
RESULTS
Synusia of woody plants and vertical structure of the forest over time
In the 1970's, the woody synusia consisted only of the highest tree level. The other levels usually reached less than 10% cover. Since 1994, the onset of the lowest woody level can be observed, and later surveys show a gradual filling of the vertical structure of the forest (Fig. 1) . While the presence of tree species in levels 2-5 increases over time, the presence and woody cover of level 1 drop. The presence of most shrub species does not change significantly over time (Fig. 2) . This development is reflected also in the herb layer. The herb cover is initially on the same level of total cover as woody plants. Later on, herbs cover a higher percentage of the forest floor in the PRP than the disintegrating main tree level, as well as the entire woody synusia. The herb synusia reacts to the development of the upper forest levels with a decrease in its cover (Fig. 1) .
The woody synusia in the full structure of the partial levels suggests the scores of the individual relevés indicated on the DCA axes. These co-ordinates were studied in relation to selected characteristics of the woody synusia and the herb layer (Table 1) . The first axis is characterized by the presence of Juglans nigra -it was planted only on a small plot within Ranšpurk. The fourth axis can be characterized in a similar way; it explains the variability of relevés from the perspective of Quercus robur presence. Its decreasing distribution is accompanied by a higher share of level 3. The third axis creates a boundary between the two sites. With the increasing share of Quercus robur in Cahnov-Soutok compared to Ranšpurk, the share of EIV for the moisture and light of woody synusia increases. The reaction of the herb layer to the development of the third ordination axis is statistically insignificant.
From the viewpoint of changes in phytocoenoses over the repeated surveys, the second axis is crucial. It is characterized by increasing diversity in both the woody and the herb synusia. In relation to the structure of the forest, it suggests the recession of layer 1 and a significant increase in the lower levels. When projected onto the herb synusia, the increase in species diversity is clear, as well as the decrease in mean EIV relevés in relation to moisture and light. 
Changes in the herb synusia
The significant factors influencing the species composition of the herb layer include the height of water table, duration of floods, and length of time when water stagnates at the site after floods recede.
The ordination analysis (Fig. 3) suggests the recession of water-demanding species in time, and on the other hand, also an increase in the wood flora species on sites not influenced by water. The drop in soil moisture and its reflection in the species composition of the herb layer are illustrated in Fig. 4 .
The relation of EIV to the moisture of herbaceous species and their position within the ordination diagram (Fig. 4) is statistically significant (correlation coefficient = 0.3; P = 0.003). A decreasing trend is also visible in the EIV of herb layers of relevés taken in the sequence of individual survey years (Fig. 5) . The degree of their variance decreases in relation to higher EIV values. The bottom threshold of the reached EIV, however, changes only very slightly. The EIVs of phytocoenological relevés were calculated for this purpose in order to eliminate the influence of the varying number of recorded species in the herb layer in different years of the survey (Fig. 6) .
The evolution of the herb layer at the sites shows internal differences. It depends on the altitude of the sites and the altitude difference of PRP within the sites. These variables have a significant influence on the water regime at the given micro-site. In CahnovSoutok, the converted EIV values for moisture in relation to PRP altitude show a similar development in the individual surveys (Fig. 7) . In the given respect, none of the input EIV value sets represents a statistically significant deviation.
In Ranšpurk, on the other hand, a decrease of the EIV values for moisture over time is clearly visible. The most significant is the difference between the values from 1974 and 2005 on sites influenced by water to the greatest extent (Fig. 8) . The statistical 
DISCUSSION
From the perspective of the studied forests, the period between 1973 and 2005 can be described as the time of differentiation of the woody synusia. Its spontaneous onset can be optically visible already during the first years after game was fenced out. The frequently discussed question is the absence of Quercus robur regenerating in a natural way. This fact was also highlighted by previous research (Průša 1974; Staněk, Barták 1989) . Some authors explain this fact by frequent floods, coming especially in summer (Vyskot 1959; Průša 1974) should be reviewed or not are still premature. The species composition of tree regeneration in the studied plots, however, suggests a substantial reduction in the share of Quercus robur, at least in the new generation of the main tree level. On the other hand, the presence of other species -Acer campestre, Carpinus betulus, Fraxinus angustifolia subsp. danubialis, and Tilia cordata in levels 3-5 increases over time. These levels nowadays cover most of the forest floor within the study plots. The herb synusia, although it lost some of its total cover, shows an increase in the number of recorded species. This could be caused by the climatic development in the respective vegetation seasons as well as mistakes made by those who processed the relevés. The increasing trend in the number of recorded species may, however, also mean the movement of some of the ecological factors. In the case of floodplain forests, one of the most important factors is the height of the water table. The changing character of some of the sites due to its fluctuation may result in increasing space available for the species of a wider range of environmental conditions.
Despite the recorded changes in the species composition of the aestival aspect, there remains a relatively stable vernal aspect. Species such as Anemone nemorosa, Corydalis cava, Ficaria calthifolia, or even Primula veris, Scilla drunensis, and Galanthus nivalis, which are crucial for the determination of the association Fraxino-pannonicae-Carpinetum Soó et Borhidi in Soó 1962, were not recorded during the survey. The presence of the given phytocoenological unit in Ranšpurk (Vicherek et al. 2000) therefore cannot be proved.
The assessment of changes in environmental conditions influencing the given forest communities is based on the indicator values of the recorded species relative to the given ecological factors. The results show that the altitude differences between PRP are limiting for the differentiation of the sites within study plots. On the other hand, the speed and intensity with which the phytocoenosis responds to the hydrological conditions of the area depend on the altitude of the locality (Figs. 7 and 8) .
Some relations and processes inside the ecosystem were identified through phytoindication (Table 1). The geographically non-fitting Juglans nigra was planted only on one of the "hrudy" hillocks in Ranšpurk. With its decreasing presence, EIV for moisture and light in the herb synusia increase. The reason is the scarce presence of Juglans nigra outside the area of concentrated plantings in Ranšpurk and its total absence in damper and lighter Cahnov-Soutok. A decrease in the presence of Quercus robur is accompanied by massive regeneration of Acer campestre. The loosening of the canopy due to dying and fall of some of the large oaks is a condition crucial for the development of level 3. The increasing EIV for the light and moisture of the herb layer are probably caused by the absence of Quercus robur in the open parts of the dampest segments of the studied areas. Changes in the forest structure represented by the second DCA axis are reflected in the herb synusia through the more intensive shading of the forest floor. In reaction to this, species requiring more light tend to recess. The drop in the presence of species bound to damp areas and increase in the species diversity correspond with the results of the other analyses that were carried out.
